PEG and ABA trigger methyl jasmonate accumulation to induce the MEP pathway and increase tanshinone production in Salvia miltiorrhiza hairy roots.
Tanshinones, a group of active ingredients in Salvia miltiorrhiza, are derived from at least two biosynthetic pathways, which are the mevalonate (MVA) pathway in the cytosol and the 2-C-methyl-d-erythritol-4-phosphate (MEP) pathway in the plastids. Abscisic acid (ABA) and methyl jasmonate (MJ) are two well-known plant hormones induced by water stress. In this study, effects of polyethylene glycol (PEG), ABA and MJ on tanshinone production in S. miltiorrhiza hairy roots were investigated, and the role of MJ in PEG- and ABA-induced tanshinone production was further elucidated. The results showed that tanshinone production was significantly enhanced by treatments with PEG, ABA and MJ. The mRNA levels of 3-hydroxy-3-methylglutaryl co-enzyme A reductase (HMGR), 1-deoxy-d-xylulose 5-phosphate reductoisomerase (DXR) and 1-deoxy-d-xylulose 5-phosphate synthase (DXS), as well as the enzyme activities of HMGR and DXS were stimulated by all three treatments. PEG and ABA triggered MJ accumulation. Effects of PEG and ABA on tanshinone production were completely abolished by the ABA biosynthesis inhibitor [tungstate (TUN)] and the MJ biosynthesis inhibitor [ibuprofen (IBU)], while effects of MJ were almost unaffected by TUN. In addition, MJ-induced tanshinone production was completely abolished by the MEP pathway inhibitor [fosmidomycin (FOS)], but was just partially arrested by the MVA pathway inhibitor [mevinolin (MEV)]. In conclusion, a signal transduction model was proposed that exogenous applications of PEG and ABA triggered endogenous MJ accumulation by activating ABA signaling pathway to stimulate tanshinone production, while exogenous MJ could directly induce tanshinone production mainly via the MEP pathway in S. miltiorrhiza hairy roots.